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World-Wide Extremes of Humidity With
Temperatures Between 850 and 1200,F

I. MINIM1111 0%TI}

The design or air conditioning systems intended for world-wide usage requires

knowxledge of the joint extremes of high temperature with high humidity possible in

the world's hottest and most humid regions. Military Specification MIL-E-38453A
1

(Figure 1 thereof) purports such information, but its validity is not known and needs

to be determined. 2

The recently Issued B revision to MIL-STD-210 contains some information on

high humidity extremes with high temperature. 3 However, the information was

developed 6o as to present extremes of high humidity with concurrent high tempera-

ture rather than the converse, and as a result, temperatures are limited to 1050F.

(Received for publication 4 December 1974)

1. Department of the Air Force (1971) Military Specification Environmental
Control, Environmental Protection and Engine Bleed Air Systems, Arcraft,
General Specification for MIL-E-38453A. 2 Dec. 1971, Air Force Systems
Command (SDDP), %%ashinpton, D.C. 20334.

2. Dean, R.E. (1973) Coordination of 4th Revision of MIL-STD-210, U.S. Air
Force Headquarters Aeronautical Systems Division (ASD/WE), Wright-
Patterson Air Force Base, Ohio, letter dated 2 August 1973 to Electronic
Systems Division (DRD), Hlanscom Air Force Base, Bedford, Mass.

3. Department of Defense (1973) Military Standard Climatic Extremes for
Military Equipment MIL-STD-210I11 15 December 1973, Standardi ation
Division, Office of the Assistant Secretary of Defense (I&L), Washington,
D.C. 20305.



This shortcoming was noted, and a study to determine joint high-temperature.,

high-humidity extremes for temperatures up to 120°F was recommended by one

of the reviewers 2 of draft MIL-STD-210B.

Other studies have addressed themselvesi to the problem of high humidity and

high temperature on a world-wide basis, but these investigations do not present

temperature-humidity statistics in terms of joint occurrence frequencie-'.

Salmela and Grantham4 preient humidity extremes exceeded 1, 5, 10 and 20 per-

cent of the time with typical temperatures for the world's most humid locations.

Dodd5 presented median dew points and dew point ranges associated with tempera-

tures of 1090F and higher at 17 locations selected primarily on the basis of high

temperature. Mareover, Doda6 presented lowest, median, and highest tempera-

ture classes associated with dew point classes at 78 stations noted for having high

dew points (greater than 760F).

"All the aforementioned studies indicate that the coastal regions surrounding

the Persian Gulf, Gulf of Aden, and the Red Sea have the world's severest joint

high-temperaturc, high-humidity environment. For instance, on 24 July 1953 at

1400 hours in Abadan, Iran, located at the head of the Persian Gulf (30°20'N,

48 0181E). it was 119 0F with a dew point of 85 Ff *

"Unfortunatel:,. only a limited (and certainly unrepresentative) number of

stations in this area of the globe have taken hourly temperature and humidity ob-

servotlo-s for a sufficient period of time to establish reliable values of the per-

centage if time that high temperature and concurrent high humidity exceed a given

threshold value. Of these stations, Abadan has the most extreme high-temperature,

high-humidity environment. 4, 5,6 And at Abadan, July is the most humid month. 4

*This was determined from data described in a subseouent paragraph.

t August has slightly higher 'maximurr, humidities with temperatures at and
below 113 0 F, but median humidity values at all temperatures are cop-iderably
lower than in July. 5

4. Salmela, H. A., and Grantham, D. D. (1972) Diurnal Cycles of High Absolute
Humidity at the Earth's Surface, AFCRL-12-0557, Air Force Cambridge
Research Laboratories, Hanscom Air Force Base, Bedford, Mass.

5. Dodd, A.. V. (1966) Simultaneous Occurrence of Hig-. Temperature and High
Dewpints. Technical Report 66-55-ES, U.S. Army Natick Laboratories,
Natick, lass.

6. Dodd, A. V. (1969) Areal and Temporal Occurrence of High Dewpo]ints and
SAssocited Tempratures, Technical Report 70-4-ES, U.S. Army Natick

Laboratories. Natick, Mass.
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2. " W tI"I4IINII.41,A %%D R '-1 1.1w

A comp~uter listing u~ed in this study uas comprised esentially of hourli

temperature and humidity data (wet-bulb temerature, dew point, and relative

humidity) ordered by decreasing temperature for Abadan ( MO Station 40831);

the informn4ion -a. collected during the period 1949-1955 (2972 observations),

and obtained froi• 'he L .i. Army Natick Laboratory for a previous study. From

such a temlerature-ordeizd Ii..ting, it i6 ýtraightforward to dete,-mine the

hun,-ditN (de%• point) distributions ab.ociated w•ith .,elected temnperature.. The

0 ( 0 0Q
dte%% points a--,ociated %% ith .-elected tem.)c~ratures of 120 . 115°, 110 , 105°

100", p..) 90 , and 8. b - 1.ere ordered from m.ualleý,t to largest, and plotted on

probabilitN paper u-ing the follouuing custom.ar plotting rule,:

I') - (i- 8) (N - ) .

v. he re in ihi, ('c-,e '(i) is the ! elative frequency vith which the dew point

a , - .iated .%ith a -.elected ter.:peratui (,, i-, equalled or ext ceded; P(i) >' 100 ;i tht.

percent of ti, ,- that the ith dewv point is equalled or exceeded %%hen a given

ten•!erature oc, r.,; i i, the num'rical incre.-,ing .equence a-,sociated w~ith each

de%% point ir the devL points ordered from ,iralle•t to large-,t for a given tempera -

tureŽ; and % in the number of dew point oh,ervations associated with cacli ::elected

Ien.:etaet•ire T. To increase the deu point .am)ple fori the selected temperature

T, dew points associated with ,eleeted temperature. t 20 F x•ere actually used to

construct the ordei ed li-ting. For e~ach •elec:ed temperature (± 2°F), a smoothed

line %%as drai~n through thle 1'(i) ver.,u:- de%% point points on the probability paper

and thi., Na., used as an estimate (if the true distribution. I"he de%% points equalled

or exceeded 1, 5, 10, and 20 percent of the !ima? for each temperature (t 20 F) are

given in Table 1.

Table 1 include., tm, other rea~ure-ý of humidity in addition to dptý point, %%et-

bull) tenl~pei ature 4*1 o determined on a log p 1-kei% T therniod>nainic diagram

from the temperature and the cie\• point a-suming standard pressure (1013. 2 mb),

and relative hun.idity determin,.d on the psychometric calculator ML-429 1 M

using temperature and dew point assuming standard pressure. An alternative

presentation to Table 1 is given in Table 2. Here are given the relative frequencies*

with uhich selected threshold deu points (Dt) from 13.0 to 92.5OF (in increments

" For percent of timp, muiltiply by 100.

7. Kimball, B. F. (1960) On the choice of plotting position on probability paper,
J. Am. Stat. Assoc. 55:546-560.
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Table 1. Humidities Equalled or Exceeded 1, 5, 10, and 20 Pvrcent of the Time
When Stated Temperatures +±20 F) Oc. jr. (TD dew point in IF, Tw = wet-bulb
temperature in IF, and RH = Relative Humidity in percent)

1 Percent 5 Percent 10 Percent 20 Percent

Temperature T T Rli T T RH TD T RH T T RH
(± 20F) D w D T D w D w

120 85 91 35 85 91 35 84 90 34 82 89 32

115 88 92 44 83 90 38 81 88 35 77 84 31

110 86 91 48 81 88 41 79 86 38 76 85 35

105 89 92 61 81 85 47 78 85 43 75 83 39

100 B!, 91 71 84 58 61 80 81 53 76 82 47

9r. 87 89 7F. 82 85 66 77 81 56 72 79 47

90 88 89 f4 85 86 85 79 82 68 72 77 55

85 85 85 10L 83 84 94 80 31 85 74 77 76

Table 2. Relative Frequencies (for percent of time, multiply by 100) with Which
Selected Threshold Deu Points Dt are Equalled or Exceeded for the Different
Temperature Ranges (Ti to Ti + 6 Ti)

Ti to Ti Dtl(F)

S6 T. _______________________
(OF) 45.0 47.3 50.0 52.5 55.0 57.5 60.0 62.5 65.0 67.5

118-122 .934 .970 .950 .920 .890 .850 .810 .750 .680 .610
113-117 .970 .960 .945 .925 .880 .835 .780 .710 .640 .570
108-112 .946 .918 .882 .840 .790 .740 .670 .610 .520 .440
103-107 .990 .972 .920 .870 .815 .740 .660 .570 .480 .410
98-102 .995 .992 .974 .930 .883 .825 .760 .680 .600 .510
93-97 .998 .993 .980 .940 .876 .790 .720 .6340 .530 .410
88-92 .9987 n85 .870 .930 .870 .805 .720 .615 .500 .390
83-97 .9953 .993 .P17 .950 .900 .850 .770 .670 .560 .420

70.0 72.5 75.0 77.5 80.0 82.5 83.0 87.5 90.0 92.5

118-122 .550 .480 .420 .330 .240 .160 .016 0 0 0
113-117 .480 .380 .300 .190 .120 .055 .030 .013 .0002 0
108-112 .360 .280 .220 .160 .075 .032 .012 .001 .0001 0
103-107 .340 .270 .210 .140 .060 .045 .032 .023 .005 .0001
98-102 .400 .300 .220 .150 .097 .065 .036 .019 .005 .0001
93-97 .290 .!90 .128 .095 .070 .045 .018 .006 .0017 .00035
88-92 .290 .130 .133 .110 .095 .080 .046 .012 .0001 0
83-87 .300 .230 .190 .150 .100 .050 .010 0 0 0

8



I

of 2. 5°F) are equalled or exceeded for the different temperature ranges Ti to

(Ti + 6 T0).

To determine the percerntige of time that joint threshold values of high

temperature iTt) and concurrent high humidity/dewpoint (Dt) are equalled or ex-

ceeded (T > Tt, D > Dt one needs to determine the relative frequency,

P(TaTt, DŽDt) > D p(6Ti). P(D>Dt I 6Ti) (1)
i

Shere T: equals or exceeds threshold temperature Tt; p(6T ) is relative frequency
with which the temperature (Ti) is within the range Ti to (Ti + 6 Ti); and

l(f , Dt I 6T) is the conditional relative frequency w'th which the dew point (D)

equals or exceeds Dt wher. the temperature is within the range Ti to (Ti + 6Ti)d

that is, values given in Table 2.

Figure 1 shows the percentage of time that given threshold temperature (Tt)

are equalled or exceeded at Abadan in July. This curve was drawn from

y(N/O,I)

-- 001

-- o i

.. .. .. .. .. .. .. ...... ... ~.......... -_.:90.

TH8i'4•EHO4.O TEMPERATURE ?•('F

Figure 1. Relati.ve Frequency (for percent of time, multiply
by 100) of Hourly Temperatures at Abadan, Iran, in July

fC



probabilities given by Dodd in Reference 5 for temperature 109°F and above, and

in Reference 6 for temperatures below 109 0 F. The data used to establish these

probabilities r aver the same time period as the humidity data used in this study.

From Figure 1, the relative frequencies with which the selected temperatures

were equalled or exceeded, P(Ti), were determined (see Table 3). Using this in-

formation, one can then obtain p(6 Ti), the relative frequency with which the

temperature (Ti) is within the range T, to (T, + 6Ti); this information is also given

in Table 3. The relative frequencies of Table 3, p (6Ti), are then .umulatively

multiplied by the relative frequencies of each threshold rew point Dt of Table 2,

P(D2_ Dt 16Ti), according to Eq. (1), thereby producing Table 4. The joint

relative frequencies in Table 4 were plotted on graph paper and isopleths for

joint values of high temperature and high humidity equalled or exceeded rrc m 0. 1

to 80 percent of the time were drawn by interpolation. These isopleths are shown

in Figure 2. The upper left-hand portion of Figure 2 has been clipped because

of the physical impossibility of dew points greater than temperatures. These

clipped dew points were the result of ordering the dew points by the 50 tempera-

ture ranges, as discussed previously.

It now remains to select the desired joint probability (percent of time equalled

or exceeded) levels which would be useful in design and then to determine the dew-

points associated with the selected threshold temperatures for these levels from

Figure 2. Recently issued MIL-STD-210B, as a result of recommendations made

Table 3. Relative Frequency with Which Selected Temperatures (Ti) are Equalled
nr Exceeded, P(Ti), and Relative Freqcmncy p(6Ti) with Which Temperature (Ti)
-i within the Range Ti to Ti + 6 Ti(°F)

Ti to Ti + 6Ti P(Ti) p(6 Ti)

118 to 122 .01 .01

113 to 117 .092 .082
108 to 112 .28 .19

103 to 107 .42 .14

98 to 132 .55 .13

93 to 97 .69 .14

88 to 92 .81 .12

87 to 87 .92 .11

10



Table 4. Relative Joint Frequency (for percent of time, multiply by 100) with
which Joint Values of High Temperature and High Dew Point Equal or Exceed
Given Threshold Values: T Z Tt. D 2L Dt

Dt (°F)

Tt(°F) 45.0 47.5 50.0 52.5 55.0 57.5 60.0 62.5 65.0 67.5

118 .00984 .00970 .00950 .00920 .00890 .00850 .00810 .00750 .00680 .00610

113 .089 .088 .087 .085 .081 .077 .072 .06r .059 .053

108 .267 .261 .253 .243 .230 .216 .198 .180 .157 .136

103 .406 .397 .382 .365 .344 .320 .290 .260 .224 .193

98 .535 .526 .508 .486 .458 .427 .389 .349 .302 .259

93 .675 .665 .645 .617 .581 .538 .490 .438 .376 .317

88 .795 .783 .762 .729 .686 .634 .576 .512 .436 .363

83 .904 .892 .870 .833 .785 .728 .661 .586 .498 .410

70.0 72.5 75.0 77.5 80.0 82.5 85.0 87.5 90.0 97.5

118 .00550 .00480 .00420 .00330 .00240 .00160 .00016 0 0 0

113 .045 .036 .029 .019 .012 .0061 .0026 .0011 .000016 0

108 .113 .089 .070 .049 .026 .012 .0049 .0013 .000035 0

103 .160 .126 .100 .069 .035 .018 .0094 .0045 .00074 .000014

96 .212 .165 .128 .088 .047 .027 .014 .0069 .0014 .000027

93 .253 .192 .146 .101 .057 .033 .017 .0078 .0016 .000076

88 .288 .214 .162 .115 .069 .043 .022 .0092 .0016 .000076

83 .321 .239 .183 .131 .080 .048 .023 .0092 .0016 .000076

11
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Figure 2. Joint Values of High Temperature (to 120 0 F) and High Humidity
Whir"h are Equalled or Exceeded 0. 1, 0.5, 1, 5, 10, 20, 30, 40, 50, 60, 70,
and 80 Percent of the Time (Hours) cf the Most Severe Month in the V orld's
Severest Joint H igh-Temperature, High-lHumidity Environment
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A

by the Joint Chiefs of Staff, given, •,!ups equalled or exceeded only I percent of
3

the time (hours) of the most severe month for design 01 m.ost equipment. How-

ever, the Joint Chiefs of Staff also stated8 that equipment whose operationai

failure could endanger life should be designed so as to result in a percer tage of

time of inoperability which is as close to zero as practically possible. Therefore,

this study presents the 1 percent of time joint high-temperature, high-humidity

extremes for normal design, and the 0. 1 percent joint values for more stringent

designs. In addition, since it sometimes may be technologically impossible or

economically not cost effective to design for the 1 pezcent extreme, this study

also presents the 5, 10, and 20 percent joint extremes as guidance in selecting

less stringent criteria. These values as well as the 0. 1 and 1 percent joint are

given in Table 5. At the higher temperatures, it was not always possible to es-

tablish joint values for the higher percentages because of the limiting infrequency

of such conditions. Wet-bulb temperatures and relative humidities in Table 5

were determined as discussed in Section 2.

Table 5. Joint Values of High Temperature (to 1200 F) and High Humidity Which
are Equalled or E-nceeded 0. 1, 1, 5, 10, and 20 Percent of the Time (dours) of
the ,Most Severe Month in the World's Severest Joint High-Temperature, High-
Humidity Environment (TD = Dew Point in OF, Tw = Wet-Bulb Temperature in OF,
and RH = Relative Humidity in Percent

0.1 Percent 1 Percent 5 Percent 10 Percent 20 Percent
Tempera- T T RH T T RH T T RH T T RH T T RH

ture D w D W D w D w D
(OF)

120 78 87 28 + + + + + + + + + + + +
115 88 93 44 81 89 35 71 82 25 + + + + + +

110 88 92 51 82 88 42 76 84 35 68 79 27 45 69 12

105 90 93 63 84 88 52 78 84 43 74 82 37 65 76 28

100 90 92 73 86 89 65 80 84 53 76 82 47 70 78 38

95 91 92 88 87 88 77 81 84 64 77 81 56 71 77 46

90 90 90 100 87 88 91 81 84 75 78 81 68 73 78 57

85 85 85 100 85 85 100 82 83 91 79 81 82 74 77 69

+ Equalled or exceeded joint values do not occur this often.

8. Sissenwine, N., and Cormier, R. V. (1974)Synopsis of Background
Material for MIL-STD-210B,. Climatic Extremes Tor MilitarYx Eqip-
ment, AFCRL-TR-74-0052, Air Force Cambridge Research Laboratories,
Hanscom Air Force Base, Bedford, Massachusetts

13



3. % 4LIDITI OF VW1.-!-38153A

As mentioned in Section 1, the validity of Figure 1 in Military Specification

MIL-E-38453A needs to be determined. Figure 3 is a reproduction of the per-

tinent portion of Figure 1. The heavy dark two-segment line is the design en-

velope specified in MIL-E-38453A. The smooth curves are the 0. 1, 1, 5, and

10 percent design envelopes based on th' data contained in Table 5. One can see

that from a dry-bulb temperature of near 85°F to near 1030 F, design criteria

specified by NIIL-E-38453A are equalled or exceeded between approximately

I and 5 percent of the time; from near 1030 to 116 0 F. the criteria are equaUed

or exceeded between 5 and 10 percent of the time; from 1160 to near 1200F,

between 5 and 1 nercent of the time; and beyond near 120 0 F, between I and 0. 1
percent of the time. With the design philosophy promulgated in MIL-STD-210B

as a basis (that is, designing equipment intenoed for world-wide usage to values

equalled or exceeded oily I percent of the time [hoursi of the most severe month

in the most severe area), the use of criteria in MIL-E-38453A leads to moderate

underdesigr. fur temperatures between 850 and 103 0 F, considerable underdesign

between 1030 and 116°F, slight underdesign between 1150 and 120 0 F, and slight

overdesign beyond 1209F.

i0 tOO ItO 120

DRY-BULB TEMPERATURE (OF)

Figure 3. Reproduction of Figure 1 from MIL-E-38453A
Showing Current High-Temperature, High-Humidity
Envelope with Superimposed 0. 1, 1, 5, and 10 Percent
Design Envelopes Determined in This Study

14



/ I, R1. HMMUNDATII)S

Based on the foregoing, it is recommended that the curve in Figure 3

labelled 1 percent replace the design criteria currently in Figure 1 of MIL-E-

38453A.
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